Supernatant malate dehydrogenase (S-MDH) isozymes of chum salmon and rainbow trout were examined by starch gel electrophoresis. Three types of B-subunit isozyme patterns were demonstrated for 396 specimens of chum salmon captured in nine rivers, and four types for 420 of rainbow trout from six hatcheries. On the bases of the occurrence of three isozymes at distinctly asymmetrical ratios in heterozygote variants and the frequencies of phenotypes in the populations examined, it was suggested that each of these two species possesses duplicate genetic loci producing dimeric isozymes, which are composed of subunits B' and B in rainbow trout, and B and B" in chum salmon, under the control of corresponding alleles. The gene frequencies of B allele in the rainbow trout populations and the frequency of B" allele in the chum salmon populations were respectively .103 and .056 at most: 65 to 95 percent of rainbow trout exhibited a single isozyme consisting of B' subunit, and more than 82 per cent of chum salmon exhibited one consisting of B subunit. The demonstration of duplicate loci for B-subunit isozyme of S-MDH in both species provides additional support for the tetraploidy hypothesis of salmonids.
Genetic variant forms of B-type subunit of supernatant malate dehydrogenase (S-MDH, L-malate: NAD oxidoreductase, EC 1.1.1.37) in king salmon and rainbow trout were reported by BAILEY et al. 1, 11 They suggested that these variants can be accounted for by the tetraploidy hypothesis of salmonids, which was first proposed by OHNO et al. 3,4,) who demonstrated that salmonid fish contain about twice as much DNA per cell and twice as many chromosomes as other clupeoid fish. An unusual multiplicity of molecular forms of all enzymes and proteins so far studied in salmonids, such as lactate debydrogenase (LDH)5,6,7), enolasee8, glyceroaldehyde-3-phosphate dehydrogenase9), aldolase10) and hemoglobin11), also suggests the tetraploidy of salmonids.
The present report describes the occurrence of variant forms of B-type subunit of S-MDH in chum salmon and rainbow trout, as well as the results of population analysis on the frequencies of the S-MDH phenotypes in the two species, providing additional evidences for the tetraploidy hypothesis and the subunit composition of S-MDH isozyme .
Materials and Methods
Tissue distribution and the variant forms of S-MDH were studied by using 31 speciResults and Discussion isozymes. The migration velocities of the three isozymes were common among the patterns of B, C, and D types, and the fastest band migrated at the same velocity as the isozyme band of A type. The staining intensity was strongest in the isozyme of A type.
In B type, the intensity was strongest in the fastest band, followed by the middle and then Table  1 . Table 1 . Postulated genotypes of B-subunit isozyme of S-MDH in rainbow trout and chum salmon, and theoretical ratios of isozymes produced in each genotype. and r show the frequencies of respective alleles at the two duplicate loci, but does not necessarily mean the frequency of allele at one locus. Assuming that the alleles exist in the same frequency at both loci, the distribution of phenotypes A, B, C, D, and E in the rainbow trout populations would be p4: 4p3q: 6p2q2: 4pq3: q4, based on (pB'+qB)4, and the distribution of E, F, G, H, and I in the chum salmon populations would be q4: 4q3r: 6q2r2: 4qr3: r4, based on (qB+rB")4. The gene frequencies of alleles and expected numbers for each phenotype calculated according to the above formulas are shown in Table 2 . The expected numbers of phenotypes are in good agreement with the observed numbers in all the populations examined. Heterogeneity of gene frequencies among the populations were demonstrated in rainbow trout (x2 = 9.945, d.f . =4, 0.05>p>0.02).
The chum salmon populations, in which significant heterogeneity was observed in the gene frequencies of the allele coding to LDH-A isozyme system (unpublished data) , showed very similar genetic composition in the duplicate loci of B-subunit isozyme of MDH (x2 = 9.557, d.f.= 8,0.500>P>0.250). The frequency of E type (BB homozygote) in the rainbow trout populations examined is expected to be one-ten thousandth at most. The expected frequencies of G and H types in the chum salmon populations are not so much as two-one hundredth and one-five thousandth, respectively.
The results of population analysis as well as the relative amounts of B-subunit isozymes would suggest that the duplicate genetic loci exist for B-subunit isozyme in both chum sal- 
